###### Strengths and limitations of this study

-   The nested case--control design used in this study has a low likelihood of selection bias.

-   The sample size of this study is sufficiently large to yield adequate statistical power.

-   Potential disease misclassification resulting from the use of medical claims tends to underestimate rather than overestimate the temporal relationship between clinical visits for diabetes-related hand syndromes and subsequent type 2 diabetes mellitus diagnosis.

-   The study findings should be interpreted with caution because not all known risk factors for type 2 diabetes mellitus were considered in the analysis.

Introduction {#s1}
============

Diabetes is one of the most common metabolic disorders worldwide, and its prevalence in adults has increased in past decades.[@R1] The International Diabetes Federation estimated that 381.8 million people had diabetes in 2013 and predicted that this number will increase to 591.9 million (projected increase of 55%) by 2035.[@R2] In addition, the prolonged asymptomatic phase of type 2 diabetes mellitus (T2DM) may last for many years.[@R3] The non-management of increased blood glucose levels during this phase can lead to severe complications including neuropathy, nephropathy, retinopathy, coronary artery disease, stroke or peripheral vascular disease,[@R4] resulting in massive healthcare costs and a global health burden.[@R5]

Studies have indicated that a high proportion of undiagnosed T2DM-related and diabetes-related complications may be attributable to underperforming health systems, low awareness among the general public and health professionals, and slow symptom onset or progression of T2DM; hyperglycaemic conditions may remain undetected for many years.[@R6] [@R7] Although blood sugar screening has been considered the most effective method for early and timely diagnosis of T2DM, inadequate healthcare services, poor health literacy and lack of active health behaviour still impede the success of blood sugar screening campaigns, particularly in rural areas and in those who are poor.[@R8] Therefore, the inspection of possible diabetes-related syndromes in clinical settings should be considered as an additional method for the early identification of undiagnosed T2DM.

Diabetes-related hand syndromes (DHSs), defined as certain musculoskeletal conditions of the hands, constitute a clinical problem in patients with diabetes and are almost invariably associated with long-standing diabetes, suboptimal glycaemic control and microvascular complications.[@R9] DHSs include limited joint mobility (LJM),[@R12] [@R14] stenosing flexor tenosynovitis (SFT),[@R11] [@R17] [@R18] Dupuytren\'s disease (DD)[@R17] [@R19] [@R20] and carpal tunnel syndrome (CTS).[@R15] [@R17] [@R21] [@R22] A study suggested that clinicians should emphasise the clinical examination of DHSs and use DHSs as a clinical diagnostic tool for T2DM because of the significant association of the duration of T2DM with the prevalence of DHSs.[@R23] However, DHSs have received less attention compared with other diabetic complications, such as diabetic foot problems and cardiovascular disease, which both patients with diabetes and healthcare professionals are familiar with. Therefore, this study investigated whether the risk of T2DM increases after clinical visits for DHSs. In other words, we examined whether DHSs can be considered an indicator of undiagnosed T2DM.

Methods {#s2}
=======

Data sources {#s2a}
------------

Data analysed in this study were retrieved from the medical claims of the National Health Insurance Research Database (NHIRD) provided by the National Health Insurance Administration (NHIA), Ministry of Health and Welfare, Taiwan. Approximately 92.3% of the residents of Taiwan were enrolled in the National Health Insurance (NHI) programme by the end of 1996, and the coverage has increased to 99% since 2004.[@R24] [@R25] The NHIRD contains all inpatient and outpatient claims data and medical records and information on healthcare providers, including medical institutions and healthcare workers. The personal identification numbers of all beneficiaries are encrypted to ensure privacy. To ensure the accuracy of claim files, the NHIA performs quarterly expert reviews on a random sample for every 50--100 ambulatory and inpatient claims.[@R26] Access to research data has been reviewed and approved by the Review Committee of the National Health Research Institutes (NHRI).

Nested case--control design {#s2b}
---------------------------

This study was based on the claims data from 1997 to 2010 of one million beneficiaries randomly selected from all beneficiaries registered in 2005. We excluded patients who were aged \<20 years (n=394 377) on the first day of 2005 and had a history of type 1 diabetes mellitus (n=2507) and T2DM (n=61 966) from 1997 to 2004. Finally, we included a total of 541 150 patients in the study cohort. By the end of 2010, we identified 33 571 incident cases of T2DM (International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) code 250.xx excluding 250.x1 and 250.x3).

For each T2DM case, we randomly selected five controls by using the incidence density sampling technique.[@R27] Each T2DM case was matched with five controls who had the same sex and birth year and were alive on the date of T2DM diagnosis. Therefore, people could be selected as controls before they received the diagnosis of T2DM. In addition, a person could serve as a control for multiple cases. The density sampling finally resulted in a total of 167 777 controls.

Outcome measures {#s2c}
----------------

The outcome variable was the diagnosis of T2DM. We included only those patients who received a diagnosis of T2DM between 2005 and 2010 and again within the subsequent 12 months; the first and last ambulatory care visits (including both hospital outpatients and general practice) for T2DM during the 12-month period had to be separated by at least 30 days. This prevented accidental inclusion of miscoded patients.[@R28] [@R29] In addition, the first and last outpatient visits during the 12-month period had to be separated by at least 30 days to prevent accidental inclusion of miscoded patients.[@R30]

Prior history of DHSs {#s2d}
---------------------

Four DHSs were included as primary independent variables, namely CTS (ICD-9-CM code 354.0), SFT (ICD-9-CM code 727.03), LJM (ICD-9-CM code 718.8) and DD (ICD-9-CM code 728.6). Information on the history of DHSs was retrieved from ambulatory care visits (including hospital outpatients and general practice) made between 1 January 1997 and the date of diagnosis of incident T2DM. In Taiwan, physicians from various specialties can diagnose DHSs.

Statistical analysis {#s2e}
--------------------

We first examined the distribution of covariates between cases and controls. We then analysed the data by using conditional logistic regression models and estimated ORs and their 95% CIs of prior ambulatory care visits for DHSs in association with T2DM. Crude ORs were estimated using simple conditional logistic regression that accounted for matching variables such as age, sex and the date of incident T2DM diagnosis in the analysis. Moreover, we adjusted for the area of residence (north, central, south and east), occupation (blue collar, white collar and unclassified) and monthly income based on the insurance premium in the conditional logistic regression model.

We considered the insurance premium and occupation as covariates mainly because studies have reported that low socioeconomic status and exposure to some work hazards may increase the risk of the selected DHSs.[@R31] Moreover, adjustment for the geographic area helped in reducing the presence of a geographic difference in accessibility to medical health services in Taiwan.[@R34]

To assess the validity of using the selected hand syndromes in identifying the cases of T2DM, we calculated the sensitivity and specificity of each selected hand syndrome. With respect to the performance of using the history of DHSs in predicting the incidence of T2DM, we estimated the positive predictive value (PPV) and negative predictive value (NPV) on the basis of the Bayesian approach.[@R35] To estimate the PPV and NPV, the prevalence of T2DM was set at 9.9% according to a recent Taiwanese survey.[@R36]

The statistical analyses were performed using SAS (V.9.4; SAS Institute, Cary, North Carolina, USA), and a p value of \<0.05 was considered statistically significant.

Results {#s3}
=======

The area of residence, occupation and salary-based insurance premium differed significantly between the cases and controls. The case patients were less likely to live in the central region, were more likely to be blue-collar workers and paid lower insurance premiums for dependants ([table 1](#BMJOPEN2016012071TB1){ref-type="table"}). Compared with the control people, the case patient had a significantly higher adjusted OR (1.31; 95% CI 1.22 to 1.40) of having a prior diagnosis of CTS and any type of DHS (adjusted OR, 1.23; 95% CI 1.16 to 1.30). Adjusted ORs associated with hand syndromes other than CTS were not significant ([table 2](#BMJOPEN2016012071TB2){ref-type="table"}).

###### 

Characteristics of cases and controls

                            Cases            Controls          
  ------------------------- ---------------- ----------------- ----------
  Age (years)                                                  0.9871
   20--34                   1007 (3.00)      5015 (2.99)       
   35--64                   22 657 (67.49)   113 301 (67.53)   
   ≥65                      9907 (29.51)     49 461 (29.48)    
  Sex                                                          0.9847
   Men                      17 904 (53.33)   89 488 (53.34)    
   Women                    15 667 (46.67)   78 289 (46.66)    
  Area of residence                                            0.0152
   North                    15 472 (46.23)   77 085 (46.12)    
   Central                  7785 (23.26)     39 630 (23.71)    
   South                    9178 (27.42)     45 752 (27.37)    
   East                     1034 (3.09)      4687 (2.80)       
  Occupation                                                   \<0.0001
   White collar             7454 (30.74)     41 809 (33.60)    
   Blue collar              11 261 (46.44)   55 724 (44.78)    
   Unclassified             5533 (22.82)     26 909 (21.62)    
  Insurance premium (NTD)                                      \<0.0001
   0 (dependants)           9221 (27.55)     42 716 (25.55)    
   1--17 280                6363 (19.01)     31 717 (18.97)    
   17 281--21 000           8610 (25.73)     43 714 (26.15)    
   21 001--34 800           4140 (12.37)     20 069 (12.01)    
   \>34 800                 5135 (15.34)     28 942 (17.31)    
  Total\*                   33 571           167 777           

US\$1=32 NTD.

\*Inconsistency between total population and population summed for individual variables was due to missing information.

NTD, New Taiwan Dollar.

###### 

Crude and adjusted OR of type 2 diabetes mellitus in association with a history of diabetes-related hand syndromes

                     Controls   Cases   Crude estimates   Adjusted estimates                                
  ------------------ ---------- ------- ----------------- -------------------- ------ -------------- ------ --------------
  CTS                                                                                                       
   Yes               7271       4.3     1754              5.2                  1.22   1.16 to 1.29   1.31   1.22 to 1.40
   No                160 506    95.7    31 817            94.8                 Ref.                  Ref.   
  SFT                                                                                                       
   Yes               4061       2.4     816               2.4                  1.01   0.93 to 1.09   1.05   0.95 to 1.16
   No                163 716    97.6    32 755            97.6                 Ref.                  Ref.   
  LJM                                                                                                       
   Yes               337        0.2     69                0.2                  1.02   0.79 to 1.33   1.05   0.75 to 1.47
   No                167 440    99.8    32 502            99.8                 Ref.                  Ref.   
  DD                                                                                                        
   Yes               27         0.02    6                 0.02                 1.11   0.46 to 2.69   1.13   0.42 to 3.03
   No                167 750    99.98   33 565            99.98                Ref.                  Ref.   
  Any of the above                                                                                          
   Yes               11 610     6.9     2629              7.8                  1.15   1.10 to 1.20   1.23   1.16 to 1.30
   No                156 167    93.1    30 942            92.2                 Ref.                  Ref.   
  Total              167 777            33 571                                                              

CTS, carpal tunnel syndrome; DD, Dupuytren\'s disease; LJM, limited joint mobility; SFT, stenosing flexor tenosynovitis.

[Table 3](#BMJOPEN2016012071TB3){ref-type="table"} lists the time elapsed from the last ambulatory care visit for DHSs to the diagnosis of T2DM. In total, 11% of the case patients and only 5.8% of the controls had their last clinical visits for CTS 3 months prior to the diagnosis of T2DM. The proportions of case patients and controls who had their last clinical visits for CTS between 3 and 6 months, between 6 and 12 months, between 12 and 24 months, and after 24 months were similar. Such a pattern was not observed for other selected DHSs. [Table 4](#BMJOPEN2016012071TB4){ref-type="table"} illustrates that the selected DHSs had very low sensitivity in identifying patients with T2DM. The highest sensitivity was noted for CTS (5.2%). In addition, the PPV for the selected syndromes was low, ranging from 9.9% for DD to 11.7% for CTS.

###### 

Distribution of the time elapsed from the date of the last diagnosis of diabetes-related hand syndromes to the date of the diagnosis of type 2 diabetes mellitus between cases and controls

              Time elapsed (months)                                                              
  ----------- ----------------------- ------ ----- ----- ----- ------ ----- ------ ------ ------ ---------
  CTS                                                                                            
   Cases      193                     11.0   74    4.2   138   7.9    235   13.4   1114   63.5   \<0.001
   Controls   422                     5.8    288   4.0   540   7.4    949   13.1   5072   69.8   
  SFT                                                                                            
   Cases      52                      6.4    39    4.8   90    11.0   129   15.8   506    62.0   0.216
   Controls   284                     7.0    226   5.6   359   8.8    593   14.6   2599   64.0   
  LJM                                                                                            
   Cases      4                       5.8    2     2.9   5     7.3    9     13.0   49     71.0   0.413
   Controls   11                      3.3    8     2.4   22    6.5    27    8.0    269    80.0   
  DD                                                                                             
   Cases      0                       0.0    0     0.0   0     0.0    1     16.7   5      83.3   0.821
   Controls   2                       7.4    0     0.0   3     11.1   5     18.5   17     63.0   

\*Based on Pearson\'s χ^2^ test or Fisher\'s exact test.

CTS, carpal tunnel syndrome; DD, Dupuytren\'s disease; LJM, limited joint mobility; SFT, stenosing flexor tenosynovitis.

###### 

Validity and performance of using diabetes-related hand syndromes as a clinical tool for identifying people with undiagnosed type 2 diabetes mellitus

                    CTS    SFT    LJM    DD
  ----------------- ------ ------ ------ -------
  Sensitivity (%)   5.2    2.4    0.2    \<0.1
  Specificity (%)   95.7   97.6   99.8   99.9
  PPV (%)           11.7   9.9    10.3   9.9
  NPV (%)           90.2   90.1   90.1   90.1

CTS, carpal tunnel syndrome; DD, Dupuytren\'s disease; LJM, limited joint mobility; NPV, negative predictive value; PPV, positive predictive value; SFT, stenosing flexor tenosynovitis.

Discussion {#s4}
==========

The results of this population-based nested case--control study indicated that compared with the controls, the patients with T2DM had a significantly higher likelihood of a history of CTS and any type of DHS (adjusted OR=1.31 and 1.23, respectively). Regarding the validity and performance of DHSs as a clinical tool for detecting patients with undiagnosed T2DM, both the sensitivity (5.2% for CTS was the highest) and PPV (9.9% for DD and 11.7% for CTS) were not satisfactory. Nevertheless, to the best of our knowledge, this is the first study to examine the temporal relationship between DHSs and T2DM and to investigate whether DHSs can be considered an indicator of undiagnosed T2DM in clinical settings.

Although a significant temporal relationship was present between overall DHS and the subsequent risk of T2DM, only CTS had a significant association with T2DM in the analyses of specific DHSs. Perkins *et al*[@R37] reported that the prevalence of clinical CTS was 14% in patients with diabetes and without diabetic peripheral neuropathy (DPN), 30% in those with DPN and 2% in the reference population. Furthermore, they indicated that CTS, which is an entrapment neuropathy, is prevalent in patients with distal sensory peripheral neuropathy. In addition, Bahrmann *et al*[@R38] reported that the prevalence of CTS was higher in patients with diabetes and peripheral neuropathy than in patients with diabetes and without diabetes-related late complications (30% vs 14%). Moreover, CTS appears to be a risk factor for late manifestation of diabetes because patients receiving a new diagnosis of diabetes exhibited CTS manifestation 1.4-fold more often than did an age-matched reference population. This relative risk estimate is consistent with that in our study (ie, adjusted OR 1.31; 95% CI 1.22 to 1.40). Our study results revealed that T2DM was associated with prior CTS, but not with other DHSs, suggesting that CTS is associated with peripheral neuropathy, which is a definite feature of pre-diabetes,[@R39] whereas other DHSs are of musculoskeletal origin.

The temporal sequence of overall DHS and the subsequent diagnosis of T2DM observed in our study indicate that some patients who seek medical care for DHSs may have undiagnosed T2DM. The higher risk of DHSs in patients with T2DM may be attributable to several mechanisms. The accumulation of advanced glycosylation end products and glycated proteins or lipids after exposure to sugars may lead to abnormal cross-linking of collagen fibres, which becomes manifest as skin thickening and nodule and contracture formation on the hands.[@R40] Other studies have supported the strong association of the increased risk of DHSs after T2DM diagnosis with the abnormal expression of some peptides and subclinical activation of specific cytokines, such as transforming growth factor-β, basic fibroblast growth factor, interleukin 1 (IL-1), IL-6 and tumour necrosis factor-α, which may also lead to unregulated and abnormal proliferation of collagen.[@R41] [@R42]

In Taiwan, numerous patients seek medical services directly from specialists without initially visiting general practitioners. Since DHSs involve the nerves or soft tissues of the hands, patients with such hand syndromes usually visit orthopaedists, neurologists or physiatrists. According to our data, more than two-thirds of the patients with DHSs received the diagnosis from orthopaedists, neurologists or physiatrists who did not have adequate experience in treating patients with T2DM in their clinical settings. Our data tended to exhibit an underdiagnosis of T2DM in some patients with DHSs, implying that these specialists might not be aware of the association of DHSs with T2DM. Although a standard definition is available for the diagnosis of DHSs, which is mainly dependent on ultrasonographic and functional assessment,[@R43] [@R44] the diagnosis of DHSs in ambulatory care settings could be subject to error because of limited diagnostic resources in some clinics. In addition, although patients with diabetes and healthcare professionals have high awareness regarding some diabetic complications other than DHSs, such as diabetic foot problems and cardiovascular disease, no studies have investigated the proportion of T2DM diagnosed according to the clinical appearance of these common diabetic complications. The ability of diabetes-related foot problems and cardiovascular disease to identify undiagnosed T2DM should be explored in future studies.

This study has the following strengths. First, it was a population-based study including a highly representative sample of patients with T2DM in Taiwan between 2005 and 2010. The results can be applied and generalised to patients with varying diabetes severities or to those from different clinical settings. Second, the advantage of using insurance claim data in clinical research is that it provides easy access to longitudinal records for a large sample of demographically diverse patients.[@R45] [@R46] The size of the data set enabled stratified analyses to be conducted according to different time intervals between the diagnosis of DHSs and development of T2DM. Third, the T2DM cases and controls in this nested case--control study were collected from the NHI database, and all the research information was retrieved from the NHI claims, which minimised the likelihood of non-response or loss to follow-up of the study patients. Our study has some limitations. First, exclusive reliance on claims data may have resulted in a disease misclassification bias. The number of DHSs estimated from the claims data could be biased because some people who experienced DHS-related symptoms may have not sought ambulatory care, which would in turn lead to the underestimation of relative risk estimates. Second, our study might be subject to surveillance bias because patients who frequently visited clinics for DHSs may have an increased risk of T2DM later. Nevertheless, the risk of T2DM was significantly associated with CTS, but not with the other three DHSs, suggesting that the association of T2DM with DHSs or particularly with CTS may not entirely be explained by the potential surveillance bias. Third, the hand complications are more likely to be found in people who have had diabetes for a number of years, which limits their usefulness as indicators of pre-diabetes or early-stage diabetes.

Conclusion {#s5}
==========

Our study results revealed that clinical visits for DHSs can be a sign of undiagnosed T2DM. Despite the unsatisfactory validity and performance of DHSs as a clinical tool for detecting patients with undiagnosed T2DM, the awareness regarding the association of DHSs with undiagnosed T2DM is crucial to both the public and clinicians, particularly to non-internists.
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